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Rel ated Application This application clains priority under 35 USC 119 from
U S. Provws mafolat ent  Application Serial No. 60/312, 384dnysed 233 August
14, 2001 and entitled "Automatic 3D WNbdeling System And Met hod" which is

i ncorporated herein by reference. 5 Field of the Invention The present
invention is related to 3D nodeling systens and net hods and nore
particularly, to a systemand nethod that nerges automatic inage-based
model generation { &eREhiuIICHDMIOIEARESVYPERPRND MEHR! act er
orientation techni ques ) | 3D
personalities. 10 Background OF The Invention There are many different

t echni Ralated Applieationat i ng an ani mati on of a three di nensional object on a
conputer display. Oiginally, the animated figures (for exanple, the faces)
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open and cl os and the eyes m.ght blink, but the facial expressions, and
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the anYRealingSystemyAndMagthod: wdichhisderomparefed hergmdut refereneepr obl em was t hat
these animtions were typically created fromscratch as draw ngs, and were
not sr engened theSinPshiap underlying 3D nodel to capture a nore realistic
appearance, so that the aninmation | ooked unrealistic and not very life-
like. More recently, the animations have inproved so that a skin may cover
t he bones ofThemgeszot hveniion is relasedta 2 medelingsystenisiand imsthods aad mord i gur e.

VWil e such anjmations. are, now rendered over one or nore deformatjon grids
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to users. Wiile this results in high-quality animations, it is limted in
that t HertwdSP pRseanaliies- have the capability to custom ze a particul ar

ani mation, for 25 exanple, of himor herself, for use as a virtual

pergonagid¥roudd OF ThRen@slidfCce features of the Internet or the World Wde
Web, these virtual personas wll extend the capabilities and

There are many different techniques for generating an animation of a three dimensional
object on a computer display. Originally, the animated figures (for example, the faces) looked
very much like wooden characters, since the animation was not very good. In particular, the user
would typically see an animated face, yet its features and expressions would be static. Perhaps

15  the mouth would open and close, and the eyes might blink, but the facial expressions, and the
animation in general, resembled a wood puppet. The problem was that these animations were
typically created from scratch as drawings, and were not rendered using an underlying 3D model
to capture a more realistic appearance, so that the animation looked unrealistic and not very life-
like. More recently, the animations have improved so that a skin may cover the bones of the

20 figure to provide a more realistic animated figure.

While such animations are now rendered over one or more deformation grids to capture a
more realistic appearance for the animation, often the animations are still rendered by
professional companies and redistributed to users. While this results in high-quality animations,
it is limited in that the user does not have the capability to customize a particular animation, for

25  example, of him or herself, for use as a virtual personality. With the advance features of the

Internet or the World Wide Web, these virtual personas will extend the capabilities and



WO 03/ 017206 PCT/ US02/25933 2 interaction between users. It would thus be
desirable to provide a 3D nodeling systemand nethod which enabl es the
typi cal uwerostoo720@pi dly and easily create a 3D nodel fromran/iSomg®33 such
as a photograph, that is useful as a ®irtual personality. Typical systens
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capt ur gdeseninafigiohdstizebtah that it can be applied to any other nodel. For
exanple, the animated smle of a particular person may be captured. The
smle t he onverted into feature space to provide an abstraction
of the%&@g—?ﬁﬁ!—ﬁéﬂ&%ﬂamion of the gesture (e.g., the novenents of the
different portions of the nodel) are captured as a gesture. The gesture may

25 then be uByB8dIYOthe #WenAbEY1iZ¥0HRhge ptBEtSsing fechGiGRES RBGRI W Mag&ﬁ%nd 3D
I nvention, the systempermts the generation of a gesture nodel that may

be usedeqmety defeanatieniel allow phote-eeshstiontid medels of Rbjcstasaph pothe haman fassdtof or
gener atﬂe@%to%étﬁ%ﬁ’; gg{egﬁgé frg&aal.n 1%%@ kor(};om multiple images). For example, for the

human face, facial proportions and feature details from a photograph (or series of photographs)

are identified and used to generate an appropriate 3D model. Image processing and texture
mapping techniques also optimize how the photograph(s) is used as detailed, photo-realistic

texture for the 3D model.

20 In accordance with another aspect of the invention, a gesture of the person may be
captured and abstracted so that it can be applied to any other model. For example, the animated
smile of a particular person may be captured. The smile may then be converted into feature
space to provide an abstraction of the gesture. The abstraction of the gesture (e.g., the
movements of the different portions of the model) are captured as a gesture. The gesture may

25  then be used for any other model. Thus, in accordance with the invention, the system permits the

generation of a gesture model that may be used with other models.

In accordance with the invention, a method for generating a three dimensional model of
an object from an image is provided. The method comprises determining the boundary of the

object to be modeled and determining the location of one or more landmarks on the object to be



an object froman imge is provided. The nethod conprises determ ning the
boundary of the object to be nodel ed and determ ning the | ocati on of one
or nore |wodsanikesson the object to be WO 03/017206 PCT/ USPZTAZDR235933

nodel ed. The nethod further conprises3determ ning the scale and orientation
of the object in the inage based on the |ocation of the |andmarks,
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t he nodeithewohipgisédwecaleation change daablestbtigethe chirRYF culdrdtidhltkat Stalridaging
changes in the vertices of the nodel during the gesture wherein the 25
t ext ur dhe Beshye a9 dimeasiong] shangevariablagioriag thegdangs ofihe aurface thahacausr t i ces

change N3l gesREE Bd a three dimensional change variable storing the change of the vertices

associated with the object during the gesture.

20 In accordance with yet another aspect of the invention, a gesture object data structure that
stores data associated with a gesture for an object is provided. The gesture object comprises a
texture change variable storing changes in coloration of a model during a gesture, a texture map
change variable storing changes in the surface of the model during the gesture, and a vertices
change variable storing changes in the vertices of the model during the gesture wherein the

25  texture change variable, the texture map change variable and the vertices change variable permit
the gesture to be applied to another model having a texture and vertices. The gesture object data
structure stored its data in a vector space where coloration, surface motion and 3D motion may

be used by many individual instances of the model.

Brief Description Of The Drawings

30 Figure 1 is a flowchart describing a method for generating a 3D model of a human face;



the gesture to be applied to another nodel having a texture and vertices.
The gesture object data structure stored its data in a vector space where
col orati owo wnfzace noti on and 3D notion may be used by rrmyuSond$oss dual

i nstances of the nodel. Brief Descrip#ion O The Drawings 30 Figure | is a
fl omchart describing a nmethod for generating a 3D nodel of a human face; WO
03/ 017206 PCT/ USQ2/ 25933 4 Figure 2 is a diagramillustrating an exanple
of a conput drigwy Jtidadigsrann ilsirating ansexdmple ofiargemptessysters vBiichmdebé nsedrfet hod
in acc j.t NV L on: _ Fi A | ock diagramillustrating
nor e d3ﬁ’§ﬁfgﬁémet3hq’e}“§§e¢r’%u’§%8§ﬁ‘e?cét"?’%&s”g% glr%qmlper?ag%’cor dance with the
invention; 5 Figure 4 is an exenplary inmage of a person's head that may be
| oaded i nt o Rifpee 3us@blockidiagaam dligstratng wore detpila of it nadeluicatiatiomnsy3tedt €SS ;

Figure.5 illustrat the exenplary image of Figure 4 with an opaque

backgr dﬁﬁ&coé‘%]at“@?"vltﬁjb‘?ﬁ’de’bq%essed the image with a "seed fill" operation;
Figure 6 illustrates the exenplary inage of Figure 5 having dashed |ines

i ndiscati ng Fifurbars if skedipl B9URE @b LASerddiCeihead MBat S d 18R dGhtotREmBMESy of
Figure 7 illustrates the exenplary inmage of Figure 6 with the high contrast
| uni narfc@mpyRTdUEAg an inpge asquisitiogdrdess;ed by dashed lines; Figure 8 is an
exenpl ary diagramillustrating various |andmark |ocation points for a

human head; @8, Eisqii&ratesithd nggj{]ﬁ%!,? grzm el in
accordance w ?’H t he s‘%rlane\?entl on; Fi gﬂﬂlr S | ﬁ F%DVQLFIT ?nu ra?le);é} soﬁggtaﬁgrg

def or netavmg pyodessdithaimagarwibiea Useedi filld opeatiorgt e a 3D nodel of a hunman head;
Figure ICE illustrates the deformation grids overlaid upon one another; 20

Fi 11 is.a fl t jllustrating the.autqnati t behayi
Genorat i on TEHBA Hias e eERSimRes ol STevisk SR ings PIRAtNE 108
i 1119st nakeudh boxRNEta 3boRbthederatiefoflthé eyegy f or m ng the image

Figure 7 illustrates the exemplary image of Figure 6 with the high contrast luminance
portion of the eyes identified by dashed lines;

Figure 8 is an exemplary diagram illustrating various landmark location points for a

human head;

15 Figure 9 illustrates an example of a human face 3D model in accordance with the

invention;

Figures 10A-10D illustrate respective deformation grids that can be used to generate a 3D

model of a human head;
Figure 10E illustrates the deformation grids overlaid upon one another;

20 Figure 11 is a flowchart illustrating the automatic gesture behavior generation method in

accordance with the invention;

Figure 12A and 12B illustrate an exemplary psuedo-code for performing the image

processing techniques of the invention;

Figures 13A and 13B illustrate an exemplary work flow process for automatically

25  generating a 3D model in accordance with the invention;



processi ng techni ques of the invention; Figures 13A and 13B illustrate an
exenpl ary work flow process for automatically 25 generating a 3D nodel in
accor dancwowstoh7zobe i nvention; WO 03/ 017206 PCT/ US02/ 2593PCcTRUS6R/g888Ss 14A
and 14B il lustrate an exenplary pseudé-code for perform ng the automatic
gesture behavior nodel in accordance with the invention; Figure 15
illustrates an exanple of a base 3D nodel for a first nodel, Kristen;

Fi gure 16 i |Higaes Mrggn@wéxlam@ agfexemplanepeidoroeftel fof perfamsegthndutopst
Ellie; j 1S - - of irst nodel in a neutral gesture;
Fi gure gf%“?s&lg%%giéjﬁg@éﬁgﬁ%@%ﬁlgltthémgl (ea%nqnh a smle gesture; Figure 19 is
an exanple of a smle gesture map generated fromthe neutral gesture and
the smil e gdiguredSofustiatesfah esampied€h basel IVmedelfor & fiest nexdalyBlrgtenf t he
feature space with both the nodels overlaid over each 10 other; Figure 21
is an exanple of a.neutral gesture_.for t second nodel ; d_Figure 22 is
an exanpl e f‘g‘frﬁégéﬁ‘i‘ﬁ%@{eééggﬁ?%&e £ﬁ§?ﬁﬁﬁ@ﬁﬁ#ﬁgmé@ﬁ EP%%DEEPQ bei ng
applied to the second nodel to generate a snile gesture in the second
nodel . Det ailiggte Dessin ptangle 6F thd lfiest Hicdebiratktukabadivrent 15 Wile the
invention has a greater utility, it wll be described in the context of
generating a. 3D nodel of the_ human face and gestures associated with the
human fact. FiEYed8dxin pennleof the firgf modebmafmileeosMet; any ot her 3D nodel s
and gestures can be generated using the principles and techniques

descri bed hefigid 19301sh &0@iplé Ha il QMBI nap BRErEled HORENE hBfitYal @bstire and
particular application of the invention and the invention is™hot IITmted
t o t he thaghid¢ gestutelof thedfirstrodal; herein. 20 To generate a 3D nodel of the
human face, the invention preferably perforns a series of conplex inage
processing t I 1 ] r i nts. .10 which serve
as guides ffgg'ngézﬁggé} %’ﬁﬁ@%gf%?%o“%?&ﬁ%ﬁ‘r@qﬂi%ﬁ %d%?ﬁ %‘%/evﬁ% art: %aggcri bi ng
a poef extligd al gorithmfor generating a 3D nodel of a human face. Wth
reference to Figure 1, an inage acquisition process (Step 1) is used to

oad a phot qgf 28115 af Slanipie SF a hEWAT hesdire for the cecond moddl s ¥ € @

Figure 22 is an example of the smile gesture, generated from the first model, being

applied to the second model to generate a smile gesture in the second model.

Detailed Description Of The Preferred Embodiment

15 While the invention has a greater utility, it will be described in the context of generating a
3D model of the human face and gestures associated with the human fact. Those skilled in the
art recognize that any other 3D models and gestures can be generated using the principles and
techniques described herein, and that the following is merely exemplary of a particular

application of the invention and the invention is not limited to the facial models described herein.

20 To generate a 3D model of the human face, the invention preferably performs a series of
complex image processing techniques to determine a set of landmark points 10 which serve as
guides for generating the 3D model. Figure 1 is a flow chart describing a preferred algorithm for
generating a 3D model of a human face. With reference to Figure 1, an image acquisition
process (Step 1) is used to load a photograph(s) (or other image) of a human face (for example, a

25  “head shot”) into the memory of a computer. Preferably, images may be loaded as JPEG images,

however, other image type formats may be used without departing from the invention. Images



25 "head shot") into the nenory of a conputer. Preferably, inmges nay be

| oaded as JPEG i mages, however, other image type formats may be used

wi t hout degastoimgefrom the invention. | nages WO 03/ 017206 PeTIU0503325933 6
can be | oaded froma di skette, downl o&aded fromthe Internet, or otherw se

| oaded into nenory using known techni ques so that the inage processing
techni ques of the invention can be erformed on the image in order to

gener atc@n ke Xq3dad frem a diskette, downleadedtiramythydntemey, ongtherist faadedinto memory
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by | ocati appropri a I'ng the
| mage Qerfenhed otheamhgenih ademo gemezate iasSD modélnderi ng of the i mage onto the
deformation grids. Locating the appropriate |andmark points 10 will now be
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Figure 1, the boundary of the.head 30 n determ,ned (St,ep 3)., for 20
examr SOy GURRE ff sl edalibiniiiracks (519, P TRl e stad AL Spssdion Sten
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t he hordrzenie api iarthgpackground g4 of thejimagsd) besad onnfoegramnlegolorapgs a
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that, the boundary of the head can be more easily determined.

Referring again to Figure 1, the boundary of the head 30 can be determined (Step 3), for
20 example, by locating the vertical center of the image (line 32) and integrating across a horizontal
area 34 from the centerline 32 (using a non-fill operation) to determine the width of the head 30,
and by locating the horizontal center of the image (line 36) and integrating across a vertical area
38 from the centerline 36 (using a non-fill operation) to determine the height of the head 30. In
other words, statistically directed linear integration of a field of pixels whose values differ based
25  on the presence of an object or the presence of a background is performed. This is shown in

Figure 5 which shows the exemplary image 20 of Figure 4 with an opaque background 24.

Returning again to Figure 1, upon determining the width and height of the head 30, the
bounds of the head 30 can be determined by using statistical properties of the height of the head
30 and the known properties of the integrated horizontal area 34 and top of the head 30.
30 Typically, the height of the head will be approximately 2/3 of the image height and the width of



Figure 5 which shows the exenplary imge 20 of Figure 4 with an opaque
background 24. Returning again to Figure 1, upon determ ning the width and
hei ght of wohs/ohead 30, the bounds of the head 30 can be detrarsoe/emds3 by
using statistical properties of the h& ght of the head 30 and the known
properties of the integrated horizontal area 34 and top of the head 30. 30
Typically, the height of the head wll be approximately 2/3 of the inage
hei ght thﬁheqdrréﬂlvhecnpnrmmwm3 of theawageyidis0 Phelsdgs of thettead neardlsaitiel 1. be

appr OX'tHRésqb%w}Atﬁg?Lhetl'{egg e(atargaﬁ'm hFo gnésof the head may al so be

tinmes T Ch' TSP " first appr oxi mati on.
Once t he bounds of the head 30 are determ ned, the | ocation of the eyes 40
can be det édmiertbelb@uide pf the.he&i Bl@metdetenmmﬂ the laaton yfrhe aydsyiOlcandked on the
upper | f of at i str ul ati on can_ be used and the

e b 4100 57 Singathebyge 20 ey BriHaratedion Biscioper Habkal thatied 304 t o

i solsat estattiaﬁcaqmcmﬁaﬁcﬁr%eéﬁﬁdth%@kad Emﬁldg'eﬁ%e fRldkd Mtotaﬂ%%%@%glfgg% gs 42
can be further divid mto;&ygt and left portions 4 torso ate

the | eflowatri@alfr‘i‘lgt@tw@yteéheﬂfmb areag é@pé@b i %ﬁ yppehal§of ti;e bbasliounds d2tai | in

Fi gure 0, of .Fi gure a i nes
i ndi cat1 n‘ﬁ%ﬁ%‘%@?‘%’\s"é gg%tp(ﬁggs f‘?—;orl?tle%]be @gtangél tneyteﬁ)ig? 38% 1,
t he cerrtagfeﬂﬁ)ﬁdly r Thik @msmfwnaﬁabtaﬂylengaaa 6 %&h@aawbmeleqsﬁpﬁely inlaBeep of Fi
|dent|f¥ a circular region 48 of high contrast |lumnance wthin t

r espect4 Vith dgshed hinesidicang the particylar Bowideareasi on can be recursivel y

performed outwardly fromthe centernost point 48 over the bounded area
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offset of the line 50 froma horizontal axis of e Screen he 'scal e of

t he hechousds efthe presdpi 40kl Higusen/ tshewsihgtenemplanhisnage of Higuse e withithghieh t he
folsov g 20 LM oL 0L BOURHIUA L NoGlcq iRgel | AT ter determini ng the

above |n orma roxr OiNts 10 on the head 30 can
be properly |dent|f|ed Preferred | andmar k points 10 include a) outer head
bounds Referring again to Figure 1, once the eyes 40a, 40b have been identified, the scale and

orientation of the head 30 can be determined (Step 6) by analyzing a line 50 connecting the eyes
40a, 40b to determine the angular offset of the line 50 from a horizontal axis of the screen. The
scale of the head 30 can be derived from the width of the bounds according to the following

20  formula: width of bound/width of model.

After determining the above information, the approximate landmark points 10 on the
head 30 can be properly identified. Preferred landmark points 10 include a) outer head bounds
60a, 60b, 60c; b) inner head bounds 62a, 62b, 62c, 62d; c) right and left eye bounds 64a-d, 64w-
z, respectively; d) comers of nose 66a, 66b; and €) corners of mouth 68a, 68b (mouth line),

25  however, those skilled in the art recognize that other landmark points may be used without
departing from the invention. Figure 8 is an exemplary representation of the above landmark

points shown for the image of Figure 4.

Having determined the appropriate landmark locations 10 on the head 30, the image can

be properly aligned with one or more deformation grids (described below) that define the 3D



60a, 60b, 60c; b) inner head bounds 62a, 62b, 62c, 62d; c) right and |eft
eye bounds 64a-d, 64w 2z, respectively; d) corners of nose 66a, 66b; and e)
corners owomswiteo68a, 68b (nouth line), 25 however, those pekitdoedsass t he
art recogni ze that other |andmark poi 8ts may be used w thout departing
fromthe invention. Figure 8 is an exenplary representation of the above

| andmar k egoi nts shown for the imge of Figure 4. Having determ ned the

appr oprnegded 7¢ ahthedead (Mem): drhs fellowingdascribesisprzoof the deformagéoncgxids that may
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w t hout departing fromthe invention. Figure strat an exanp

a 3D mdedrdmfceavmmhamvmn@ oo mprectietasls o thel 3D Biodalngtetragemsysti ol bet hod
in acc e with the invention. Now, nore details of the 3D nodel

gener at 8‘?’{‘ §§stem will be described. Figure 2 illustrates an exanple of a
conputer system 70 in which the 3D nodel generation nethod and gesture

nodel gener @igae 2iRtstatks B Exfaple ik eompuRe systdin Pai Which dtie 31D Rd0 3D nodel
generation nethod and_ gesture nodel generation nethod may be inplenmented as

one orgeRgRkomethed apd ggfévrﬁmd@ sm&a%ea methpdmpy be Buplemented. cBoartioparcthear e
exqgut n

[ n\E/ignt %g)nmngégg % fnet g%en?gg%&&; gafémggg?& evi g}éﬁ?ln% exliltg‘?ﬁs et hod
in accmraianepwmstdf sbftwaranoda(cbrmonmiled pofogara cods) whitloara eheruthderyen cottepuitare.
Returnin the stem 70 s Jsa onal conputer
oyst emagnrize iodsin ACCRGRET B PV B BRI P BN B Pgrogare

di ffereRiice Wcﬁrthéﬂm%fh%ﬁﬁn a&@?&hnc@%tﬁ Itﬁeeiﬂ{'érﬁf%h\é?é ;gr%éﬁ}rﬁ‘ﬂ&i infPd N&lwa¥St ens,
wor kst ations, etc... the invention is not’ to inplenmentation on

any pardevisal Br:tucmngm Eltgusy%ttla;ernommléerusb'$tg@t7ﬁashewn¢smmmal sqmlmém syatym
device 7 cat Ssi s

74 g BRISPRAERRE Fred s el a R el il e B I8 s
78 as 3evient/sefiet Syspfisybérviigstome) rwmstaﬁonsnéter. agid the idvehfién Bawdplinged fyst em
For ex 6}rrrrll%lle(:f‘rlenttaql(?)nLclgxearny gaalytlc?llnag gcgmg&%? sycs)tremC O’Imﬂgsstraltergit c%rr&prlll?er system may

include a display device 72, such as a cathode ray tube or LCD, a chassis 74 and one or more
input/output devices, such as a keyboard 76 and a mouse 78 as shown, which permit the user to

20  interact with the computer system. For example, the user may enter data or commands into the

computer system using the keyboard or mouse and may receive output data from the computer
system using the display device (visual data) or a printer (not shown), etc. The chassis 74 may
house the computing resources of the computer system and may include one or more central
processing units (CPU) 80 which control the operation of the computer system as is well known,

25  apersistent storage device 82, such as a hard disk drive, an optical disk drive, a tape drive and

the like, that stores the data and instructions executed by the CPU even when the computer
system is not supplied with power and a memory 84, such as DRAM, which temporarily stores
data and instructions currently being executed by the CPU and loses its data when the computer
system is not being powered as is well known. To implement the 3D model generation and

30  gesture generation methods in accordance with the invention, the memory may store a 3D

modeler 86 which is a series of instructions and data being executed by the CPU 80 to implement



conput er system using the keyboard or nouse and may receive output data
fromthe conputer systemusing the display device (visual data) or a
printer (woto3ghmasm), etc. The chassis 74 may house the cequuusSongsmsBesour ces
of the computer system and nmay includ® one or nore central processing
units (CPU) 80 which control the operation of the conputer systemas is

wel | knﬁ% 25 ? per si st ent sjtora%e (gevi ce 82, such as a hard disk drive,
an opt i'8&pD anedel apd gesturg generationrmehodsiigscribed abpyee Navhaporsidstadls of the 38at a and
i nst r uGhd 2N valBee&dibRy the CPU even when the conputer systemis not
supplied wth power and a nenory 84, such as DRAM which tenporarily stores
data and instructions currently being executed by the CPU and |loses its
dat a when t Haguredps e diagray dlusirating mote detiils 9f o3 mddelsr $Gshosinl inFigune 2. To

I mpl emgpt__the 3 el ner at i on d esture epgtion nethods in
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i's @ sehodite 90 wh n;ataweatchqm?learwltdaaismgbﬁkrwn@%@@dﬁlﬁderq;\fogﬂaﬁa iktkhc8Bnd. Orhe

i npl ement WO 03/ 017206 PCT/ US02/ 25933 9 the 3D nodel and gesture

gener atPseiflongods dps mayderyspd e impigracnt kaeh ofthese mpdples isshovnt indigmes Radel er

will b eh; i i ' am.iq | ti r tails of the
3D m)dzllzg‘r%ﬁlgG1j 1%%%5'&%}@%% é‘éfﬂmgtlll ﬁg%gg%eijél# Zﬂr‘lﬁfe t%fggﬁg‘%ﬁgég‘ﬁ‘ea%% neftldes a
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of an object, such as a human face is input into"the systemas shown. The
i mage iThefoatput fivm thh gegirergsderatioemeduleiivonenydudre gastureweddelshich maydbantree

generati o dul.e as.sho The,out put from t he 3D npdel neration 10
modul o Paied B3t Sa@PrepaRy fip moies Belie ek 34 Eetib P B e REPRYRLRER PR G as
descri haeduidovigs gesﬁiﬂﬁﬁgﬁi&ﬂbﬁis depibbd i 6&tdetAl KERve vthireferdiieetd Bigin% 1QNgn OF
nore gesture nodel s ich may _then be applied to and used for any 3D nodel
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Fi gure t hi's mannert, em perm any object to
be rapistiile ggetosy, athand avade, Bfc. i.)rfol tenmudreaticaly périeeatedbfrem d pretigeatimage. gBieer at or
permts one or re gesture nodel]s, such as smle gesture, a hand wave,
bt aderngs offhe e sPrge Giar s medns Py Birehe fRlightc saD

model. The gesture generator also eliminates the need for a skilled animator to implement a

gesture. Now, the deformation grids for the 3D model generation will be described.

20 Figures 10A-10D illustrate exemplary deformation grids that may be used to define a 3D
model 70 of a human head. Figure 10A illustrates a bounds space deformation grid 72 which is
preferably the innermost deformation grid. Overlaying the bounds space deformation grid 72 is
a feature space deformation grid 74 (shown in Figure 10B). An edge space deformation grid 76
(show in Figure 10C) preferably overlays the feature space deformation grid 74. Figure 10D

25  illustrates a detail deformation grid 7D that is preferably the outermost deformation grid.

The grids are preferably aligned in accordance with the landmark locations 10 (shown in
Figure 10E) such that the head image 30 will be appropriately aligned with the deformation grids
when its landmark locations 10 are aligned with the landmark locations 10 of the deformation
grids. To properly align the head image 30 with the deformation grids, a user may manually

30 refine the landmark location precision on the head image (Step 8), for example by using the



advant age of the gesture generator is that the gesture nodels may then be
applied to any 3D nodel. The gesture generator also elimnates the need
for a skiwoad/oarsoeat or to i npl ement a gesture. Now, the defrfarsoa$esn gri ds
for the 3D nodel generation will be d#scribed. 20 Figures 10A-10D
illustrate exenplary deformation grids that nay be used to define a 3D
nodel 70 of a human head. Figure IOA illustrates a bounds space defornmation
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nore detail. Figure 11 is a flowchart illustrati ng an autonatic gesture
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UG 6 ASSLUTE (SENSERT TRORLARULE e 1L BB L Ols UL LRl I LR R e
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space and the feature space that permits transformation of motion and geometry data. The

20  automatic gesture generation method involves using a particular image of an object, such as a
face, to generate an abstraction of a gesture of the object, such as a smile, which is then stored as

a gesture object so that the gesture object may then be applied to any 3D model.

Returning to Figure 11, in step 104, the method determines the correlation between the
feature space and the image space to determine the texture map changes which represent changes
25  to the surface movements of the image during the gesture. In step 106, the method updates the
texture map from the image (to check the correlation) and applies the resultant texture map to the
feature space and generates a variable “stDeltaChange” as shown in the exemplary pseudo-code
shown in Figures 14A and 14B which stores the texture map changes. In step 108, the method
determines the changes in the 3D vertices of the image model during the gesture which captures
30 the 3D movement that occurs during the gesture. In step 110, the vertex changes are applied to

the feature space and are captured in the gesture object in a variable “VertDeltaChange” as



order to make the gesture nore realistic. The nethod begins is step 102 in
whi ch a comon 15 feature space is generated. The feature space i s conmobn
space thawois/oumed to store and represent an object i nagecTamsob2msza face,
novenents of the object during a gestUure and object scalars which capture
the differences between different objects. The gesture object to be
generatsgg%musi,ng this nethod al so stores a scalar field variable that
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determined by analyzing visual flow of typical facial gestures. The above method is shown in

20  greater detail in the pseudo-code shown in Figure 14A and 14B.

Figures 12A- B and Figures 13A and B, respectively, contain a sample pseudo code
algorithm and exemplary work flow process for automatically generating a 3D model in

accordance with the invention.

The automatically generated model can incorporate built-in behavior animation and
25  interactivity. For example, for the human face, such expressions include gestures, mouth
positions for lip syncing (visemes), and head movements. Such behaviors can be integrated with
technologies such as automatic lip syncing, text-to-speech, natural language processing, and
speech recognition and can trigger or be triggered by user or data driven events. For example,
real-time lip syncing of automatically generated models may be associated with audio tracks. In

30 addition, real-time analysis of the audio spoken by an intelligent agent can be provided and



10 The gesture object also includes a scalar field variable storing the
mappi ng between a feature space of the gesture and a nodel space of a
nodel to werasion7206 ansf ornmati on of the geonetry and noti orrcdaisaz/2ohz
scalerArray has an entry for each georetry vertex in the Gesture object.
Each entry is a 3 dinensional vector that holds the change in scale for
that vertex of the Feature level fromits undeforned state to the deforned
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the scal % g&g@gg&h&ﬁ{,&&ance fromthat vert to connect ed yert|C| es. The
scal er en sture vertex is conputed by weighted interpol ation of

t hat Vertex S postion when nmapped to UV space of a polygon in the Feature
Level . The s”lﬁmp,e'iand psisppasafan bpdleplgg;cxktoisnrvtehs ah édelligentlagens lthat neydleaseh t 0
match areas .of simlar Thi s. ..determ ned by anal yzing
U sual RniGreRyp R he Y i Rion Eouopt bR heed [ 20

gr eat ercust8hmt tesbiircé Henaégee&e@lpsﬁe@ke ﬁllitpwammg Iﬁhﬂgéﬁeﬂt%st%ﬂﬁ as4R11 &1 gures 12A-

B and Figures 13A and respectlvel y, contain a sanple pseudo code
al gori tqnmrtame@kémhcamnwdwomqu@h@@%\gs chairmstamon@sagmg,layd genait. owg a 3D

can' i nchrBEE LA BA e Mol RSl OB b Ruackh? a8 RIB AR Lich BFOR § oFbpfP

exanpl enodebin ddeerdancewitlh ednveitioh wilt powsdes@idbedi ncl ude gestures, nouth
positions for |lip syncing (visenes), and head nmovenents. Such behavi ors can

Lot -t o spedUBire 3 HRIe ahGLABRC Y & PeEtod for s G EoReh LB THetP and

canot r i HeRY sifwiP@ Higid 48 Hasbédh ptsRbudy g ae}aaecﬂag dé@éhb%&%%v% usifY the B &l
real-tinme lip syncing of autonatically generat ed nodel s nmay be assocl at ed

Wi th atgstn@ratumamseSSJ iigdde beldlusirates as@an 6Dnn0®ha¢r5csated of destribedabivee. Tpedeen

oynonr dRPFasteRan SeY e le o s e ic R e Gar ol S ol foB iptng.

lifeli Kﬁodﬂlﬂkﬁgﬁh@ia& 4 est6 OBj¥PEAId tﬁaﬁme fappieiatlmebmhaﬂgm&;atedl %:Etﬂ?é otj&dt &PNnas
can be de&éo ed to serve as an intelligent agent that may be used as an

i nt er acp daqish skigarer [ gsho weanexampleff she st madeldma apwEa) egstureiwhilenow edge
basl%s ﬁg&g%%ﬁﬁs L SOMHE o PR FIE TIHe! ﬁayasén‘ﬁ!i@ esPd TIRALM G {I?é‘é‘ﬂtﬁg‘ﬁpét
stens a3 Center tal nnent applicati S and CommunTcat] ons vi A

C hat i medeh s theresaptaged gs dasordberl abave.. Figow, 19 illustrates an example of the smile gesture
map (the graphical version of the gesture object described above) that is generated from the first
model based on the neutral gesture and the smile gesture. As described above, the gesture map
abstracts the gesture behavior of the first model into a series of coloration changes, texture map

20  changes and 3D vertices changes which can then be applied to any other 3D model that has

texture maps and 3D vertices. Then, using this gesture map (which includes the variables
described above), the gesture object may be applied to another model in accordance with the

invention. In this manner, the automatic gesture generation process permits various gestures for

a 3D model to be abstracted and then applied to other 3D models.

25 Figure 20 is an example of the feature space with both the models overlaid over each
other to illustrate that the feature space of the first and second models are consistent with each
other. Now, the application of the gesture map (and therefore the gesture object) to another
model will be described in more detail. In particular, Figure 21 illustrates the neutral gesture of
the second model. Figure 22 illustrates the smile gesture (from the gesture map generated by



exanpl es of a gesture being generated froman inage of a 3D nodel and then
applied to another nodel in accordance with the invention will now

descri bedworisgur2e6 15 il | ustrates an exanpl e of a base 3D mudaiSot/esIsa fir st
nodel , Kristen. The 3D 10 nodel shownld n Figure 15 has been previously
generated as described above using the 3D nodel generation process. Figure
16 illustrates a second 3D nodel generated as descri bed above. These two
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17 show an exanple of the first nodel in a neutral gesture while 15 Figure
18 shows an WhHetflieabote hischebn descributieith refernentol agpagsil ar meethothfer fothiigs the
gesturel Ocﬁgtgﬁ f'brst . {mde LS thea cggtuied s descri bed above. Figure 19
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t her ef ot @g@Rufr € obj ect) to another nodel will be described in nore
detail. In particular, Figure 21 illustrates the neutral gesture of the
second nodel. Figure 22 illustrates the smle gesture (fromthe gesture map
generated by WO 03/017206 PCT/ US02/ 25933 13 fromthe first nodel) applied
to the second nodel to provide a snmle gesture to that second nodel even
when the second nodel does not actually show a snmle. Wile the above has
been described wth reference to a particular nethod for |ocating the

| andmark | ocati on points on the inage and a particul ar nethod for
generating gestures, those



5 skilled in the art will recognize that other techni ques may be used

w t hout departing fromthe invention as defined by the appended cl ai ns.
For exanpwe,o3toerde6i ques such as pyramd transfornms whi ch Pegassoa2fmsequUency
anal ysis of the imge by down sanplingt each | evel and analyzing the
frequency differences at each |evel can be used. Additionally, other

techni ques such as side sanpling and i mage pyram d techni ques can be used
to process tge image. 10 Furthernore, quadrature (low pass) filtering

t echni ques used to increase the signal strength of the facial
features, and fuzzy logic techniques may be used to identify the overal

| ocation of la fachmethnd foreenerasing@fthren dimensiomal medehef an hbjectfeorden enagened by
a kno inding. algorithm WO 03/017206 PCT/ US02/ 25933 14 CLAI Ms:
1. A 2§?§§%E?8F%§@§§§gting a three dinensional nodel of an object from an

i mage, the pethod ¢ risikng: .determni.ng t ooundary of the object to be
nodel ed; 5 deterihg nR}OHgéngt‘?gﬁ\e ﬁjeg}{gobﬁgn%(re?‘?‘fﬁre | andnar ks on the obj ect
to he nodel ed; deterpining the scale and orientatiop of the object in the
e based GHFPRNE Bedofan 6F ons i A i GicRotanadrisde of |t he
object with the | andnmarks wth a deformation grid; and generating a 3D
model of t hdlelsmaung higserle and prentargnntibe ofpeqtpr thejmgae based R thspeationd 10

t he deftgéﬂﬁg#g&sgri d. 2. The nethod of Caim1, wherein the boundary
determining further conprises statistically directed |inear integration of

o " ELdpfgs?%%ﬁ*n RGN et S, %@%ﬁﬁ%fg %@eﬂﬁéﬁa@?ﬁ%ﬁéﬁéﬁﬂl the
diracted scdrPriTS BabHRIT Rt R BicsERted Sp B E bk B st ¢ e

i mage ahe Géformitjodcdrid. 4. The nethod of Caim 3, wherein determning the
| andmar ks further conprises identifying features found by procedural

correl ation 0r baf Méisd bf Claithi1NhaRh thd beatRhAdd&mifing further comprises
statistically directed linear integration of a field of pixels whose values differ based on the

presence of an object or the presence of a background.

3. The method of Claim 1, wherein the boundary determining further comprises
15  performing a statistically directed seed fill operation in order to remove the background around

the image of the object.

4. The method of Claim 3, wherein determining the landmarks further comprises
identifying features found by procedural correlation or band pass filtering and thresholding in

statistically characteristic zones as determined during the boundary determination.

20 5. The method of Claim 4, wherein determining the landmarks further comprises

determining additional landmarks based on a refinement of the boundary areas.

6. The method of Claim 5, wherein determining the landmarks further comprises

adjusting the landmarks by the user.

7. A computer implemented system for generating a three dimension model of an

25  image, the computer implemented system comprising:

a three dimensional model generation module further comprising instructions that receive
an image of an object and instructions that automatically generate a three dimensional model of

the object; and



statistically characteristic zones as determ ned during the boundary
determ nation. 20 5. The nethod of Caim4, wherein determ ning the

| andmar kswiouston®eoe conpri ses determ ni ng addi tional | andmedrsudoas®d3 on a
refinenment of the boundary areas. 6. TFhe nethod of Claimb5, wherein

determ ning the | andmarks further conprises adjusting the |andmarks by the
user. 7. A conputer inplenented systemfor generating a three dinension
nmodel of an 2 gesturergeerationanedybg firider ¢amprisingringctipng gﬂﬁmﬁmg& fegturea t hr ee
di nensi i u f her L:SINg_instructions that
recei veﬁggnaﬁéggcg?ﬁ%?ggﬁga&[@gan%ﬁ %‘ﬁ%ﬁ’ﬁ%ff’%ﬁ@[‘ﬁ%@ t‘gﬁ?ﬁ%&? iogéhel qbig L?‘Per ate
a t hr eehalithegestoa dthavindtehaye applied tdndtier nivdel d@n@B/ekd, 7206 PCT/ US02/ 25933
15 a gesture generation nodule further conprising instructions for
generating a&.featal hﬁthoﬁptaf:maﬁudtiédn@tgreﬂ&hﬁﬁg;@ zilﬁémﬁtﬂi"%ésﬁfré Hd8), ARAUAK

obj ect corresponding to a gesture of the object so hat the gesture

behavi dOMPEINGe appl i ed to another nodel of an object. 8. A method for
automatically generating an automati c gesture nodel, the nmethod 5

conpri si ng: Teestwng pmimage ¢fipagb)ast perforpiigepartelangeastung aadpar ti cul ar

gesture; and determ ning the novenents associated with the gesture fromthe
movenent of delmmobpgthe meenmpatsassiciatal with thergestobg from thdimoeemertt € tigabider e

obj ect further conprises . a,colopation chan vari abl.e storing the change
of . col dPEERBRC AT s Qhiget ey eeestyiecqbied Forthef Gomprisee ASPIFRIONcRERESe 10
var i abl\grigblestorgthecHalad 8EcA¥brati thatddcaf Buridpthe Q6tE, AiFd Michehbi6ndl eRidyee
and a three dinensional = change variable storing the change of the vertices

asdéci atasigblgistoningiies dignge of ha shnfepetthas ogewrtduring the: geFtyee ansh hibrbesimensional 8
further j 4 r.af i e Lnto ich .the sture i s
mpped GATRRAARR SENGRS L8 of (31 HcS PRGN WML GhlectdiRng B atb ety o1
Claim?9, wheyein.the ter i n novenents fur.ther. conpri se 15,
det er ni ni ngeJa cori@l%&ﬁ%‘ﬁoﬁgﬁggrﬁlﬂﬁ% PERIEFEBHE gggﬁ@%{rngpqcmg Wi‘l“’ht he
obj ect .thd gesturB s MBpfdAusihg Rerdutdatidckiues géiretibh prdtgsd r ansforming the
geonetric vectors and notion vectors to and froma feature space.

10.  The method of Claim 9, wherein the determining the movements further comprise

15  determining a correlation between the feature space and the image of the object.

11.  The method of Claim 9 further comprising transforming the geometric vectors

and motion vectors to and from a feature space.

12.  The method of Claim 9 further comprising applying changes in the coloration.

texture motion and geometric motion from one model to another model using the feature space.

20 13. A gesture object data structure that stores data associated with a gesture for an

object, comprising:

a scaler field variable storing the mapping between a feature space of the gesture and a

model space of a model to permit transformation of the geometry and motion data;
a texture change variable storing changes in coloration of a model during a gesture;

25 a texture map change variable storing changes in the surface of the model during the

gesture; and



12. The method of Caim9 further conprising applying changes in the

coloration. texture notion and geonetric notion fromone nodel to another
nodel usiwg@ whe720eat ure space. 20 13. A gesture object datraTaiSoZeis e t hat
stores data associated with a gestureléfor an object, conprising: a scaler
field variable storing the mappi ng between a feature space of the gesture
and a nodel space of a nodel to permt transformation of the geonetry and
not i on dat a;a vgrtiess change yatiahje stpang ahdngesindgh¢ vertic¢sanfdlesmodelalutiog diei gesturdf  a

nodel [ ture: 25 a.texture nmap change variabl.e storing,changes in
'he surtisidf gt @RaH e fuelst HeltuRRuT AR AR B Tog et niid

PCT/ USG2ti2519 permil theqgestard ﬂo%&pﬁlliwlganmei Abde¢l haviap iaNekteleang @erticks. t he
vertices of the nodel during the gesture wherein the texture change

vari able, the texture map change variable and the vertices change variable
permt the gesture to be applied to another nodel having a texture and
vertices.



